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ÅDirect -fired ( Allam ) cycle operates at 
very high pressures (300 bar) with CO 2

dilution.

ÅCFD is expected to play a key role in 
combustor design (flame holding, heat 
release, CO formation, etcé).

ÅThere is a lack of experimental data and 
modeling experience at these 
conditions.

Approach ðDevelop experimental 
capability at relevant conditions and 
validate computational tools.

Direct -Fired sCO 2 Cycles

Motivation

3* Allam, et al., Energy Procedia 37, 2013, 1135-1149
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Borghi Diagram for Oxy -Combustion

ÅThree cases shown for 300 bar oxy -combustion define a range 

of conditions (O 2 mass fraction from 7 -25%) spanning the 

thickened, corrugated flame regime and stirred reactor.

ÅSignificantly outside the range of gas 

turbine and IC engine operation.

ÅRequires assessment of appropriate 

turbulent combustion models.

Gas Turbines

IC Engines

sCO2 25%O2

sCO2 14%O2

sCO2 7%O2*
* Mass fraction
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Laminar Flame Speed
Cantera, GRI 3.0
Phi=1, T=300K
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Example of Three TCI Models
LES Comparison of FDF, Flamelet and No Model

14% O2
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Å Significant differences in 
predicted CO mean mass 
fraction at the combustor exit.

Å Need to validate!

Journal of Energy Resources Technology JULY 2019, Vol. 141 / 070706-1

ÅLES, 16 Species 
skeletal mechanism 
from UCF

ÅANSYS Fluent V18.2

Phi = 0.95

TF = 476 K

TO = 1014 K

P = 300 bar

2.4 MW



80 bar Max Combustor Pressure

Experimental Layout and CO 2 Properties
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Å 80 bar chosen as a compromise between cost and relevancy.

Å Blow-down from standard k -bottles for CH 4 and O 2

Å CO 2 from liquid dewar with pump and heater (330K initially, 950K later).
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ÅTwo flow rates (100 and 25 kW).

ÅTwo oxidizer preheat temperatures (330K and 950K).

ÅTranspiration and backside water cooling.

80 Bar Optically Accessible Combustor

Experimental Layout and Operating Conditions
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Case 1 Case 2 Case 3 Case 4

O2 Mass Fraction in Oxidizer0.3 0.3 0.3 0.3

Heat Input (kW) 100 100 25 25

Fuel Flow (g/s) 2.0 2.0 0.5 0.5

Oxidizer Flow (g/s) 26.68 26.68 6.67 6.67

Uox (m/s) 21.4 7.4 5.3 1.9

Reox 34,700 85,200 8,670 21,300

Ufuel (m/s) 11.4 11.4 2.8 2.8

Refuel 64,600 64,600 16,100 16,100

Tox (K) 950 330 950 330

Mom flux (ox/fuel) 2.82 0.98 2.82 0.98

CO2 cooling(g/s) 40.0 40.0 40.0 40.0

20 mm

110 mm

Fuel
Ox

CO 2 Cooling



Å1.7M cells.

ÅNo nozzle on most simulations.

ÅANSYS Fluent 22.1.

Å16 species skeletal mechanism from UCF.

ÅRANS realizable k -e or LES with transported k.

Å2nd order.

3D LES and RANS with Skeletal Chemistry

Combustor Design and Modeling Setup
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ÅRANS predicts long flame, LES predicts shorter flame (faster mixing).

ÅNo unburned CH 4 but significant CO emissions.

Case 1: 100 kW, T=950K preheat

Results for Case 1 (baseline)
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CO Mass Fraction

Log10 Heat Release (W/m 3)


